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(57) [Abstract ] 

[Problems to be Solved by the Invention ] 

semiconductor device and its manufacturing method which 
are superior in connected stability of substrate and 

semiconductor device are offered. 

[Means to Solve the Problems ] 

When connecting electrode pad 3 on substrate 1 and 
semiconductor chip 2, tip portion 5 of the metal fine line 8, 
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ball bonding is connected to first position PI of metallization 
part 4 which wasformed on substrate 1, midway part 6 and 
substrate 1 of metal fine line 8, theaforementioned first 
position PI stitch bonding are connected to different second 
position P2, furthermore terminal part 7 of metal fine line 8 
and electrode pad 3 of semiconductor chip 2surface are 
connected the stitch bonding . 
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Specification 

[0001] 

fcj:ySJ^$ttfc^»<*«afeJ:t;^-<Offiit:^ 
[0002] 



semiconductor chip and above-mentioned first position on 
provides electrode pad for the substrate and surface tip 
portion , above-mentioned substrate which which the ball 
bonding makes first position on above-mentioned substrate 
semiconductor device . whichdesignates that metal fine line 
which possesses terminal part which stitch bonding makes on 
electrode pad of midway part , and above-mentioned 
semiconductor chip which stitch bonding make different 
second position is included as feature 

[Claim 2 ] 

first step, which connects tip portion of metal fine line to first 
position on the substrate 

After this first step , above-mentioned first position on 
above-mentioned substrate second step, which connects 
midway part of above-mentioned metal fine line to different 
second position 

After this second step , manufacturing method . of 
semiconductor device which designates that the third step 
which connects terminal part of above-mentioned metal fine 
line on the electrode pad of semiconductor chip surface is 
included as feature 

[Claim 3 ] 

Including ball bonding where above-mentioned first step 
forms spherically shaped part in tip portion of 
above-mentioned metal fine line , presses this spherically 
shaped pzirt in first position on above-mentioned substrate , 

As for above-mentioned second step , including stitch 
bonding which presses midway part of above-mentioned 
metal fine line in second position on theabove-mentioned 

substrate , 

As for above-mentioned third step , manufacturing method . 

of semiconductor device which isstated in Claim 2 which 
designates that stitch bonding which presses the terminal part 
of above-mentioned metal fine line on electrode pad of 
above-mentioned semiconductor chip surface is included as 
feature 



[Description of the Invention ] 
[0001] 

[Technological Field of Invention ] 

this invention substrate and semiconductor chip regards 
semiconductor device and its manufacturing method which 
£ire connected by metal fine line . 

[0002] 

[Prior Art ] 
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In one of method which connects group sheet which possesses 
the semiconductor chip and metal wiring section etc to 
electrical , there is a wire bonding method . 

Regarding wire bonding method , by fact that substrate and 
semiconductor chip areconnected with metal fine line , 
electrical connection at those time is achieved. 

capillary in order forwarding and to press metal fine line has 
for the wire bonding device . 

this capillary falling, rising, in order proximity to do vis-a-vis 
the substrate which is mounted in horizontal in order to be 
estranged from the substrate , moving to substrate and 
horizontal , you connect between the substrate and 
semiconductor chip with metal fine line . 

[0003] 

Figure 4 is diagram side view of semiconductor device which 
connects semiconductor chip and substrate making use of 
general wire bonding method . 

semiconductor chip 12 is locked on substrate 1 1 with 
adhesive 19. 

general wire bonding includes first connection which 
connects one end 15 of metal fine line 18 on semiconductor 
chip 12 side and second connection which connects the other 
end 17 of metal fine line on substrate 1 1 side. 

[0004] 

Before pressing metal fine line 18 on semiconductor chip 12 
side, tip portion 15 of metal fine line 18, with capillary end in 
regard to circumstances of pressure, is processed in the 
spherical shape . 

Because before cutting off metal fine line 18, with capillary 
pressure it candesignate other end 17 of metal fine line 18, as 
metallization part 14, spherical shape processing 
isunnecessary. 

post-connection , metal fine line 18 forms wire loop 18a of 
arcuate . 

height to peak of wire loop 1 8a is called loop height 18b from 
electrode pad 13 of semiconductor chip 12 and connecting 
surface of tip portion 15 of metal fine line 18. 

[0005] 

With conventional wire bonding , loop height 18b becomes 
high, metal fine line 18 in substrate 1 1 islikely to curve in 
horizontal direction. 

Because of that, phenomenon which wire which proximity is 
doneapproaches, is called curl occurs, there are times when 
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electrical connection between semiconductor chip 1 2 and 
substrate 1 1 becomes unstable . 

Then, holding down loop height 18a low, in order to prevent 
curl , theopposite wire bonding method is developed. 

[0006] 

Figure 5 is diagram side view of semiconductor device which 
connects semiconductor chip and substrate to electrical with 
opposite wire bonding method . 

Opposite wire bonding method includes first connection 
which connects the tip portion 1 5 of metal fine line 1 8 with 
substrate 1 1 side and second connection whichconnects other 
end 17 of metal fine line 18 on semiconductor chip 12 side. 

tip portion 15 of metal fine line 18 is processed in spherical 
shape , but other end 17 of the metal fine line 18 is not 
administered especially processing. 

[0007] 

Because with this opposite wire bonding method , metal fine 
line 18 does not stand upvertically from top of semiconductor 
chip 12, by comparison with conventional wire bonding 
method ,it can hold down loop height 18b low. 

Therefore, curl can be prevented. 

[0008] 

[Problems to be Solved by the Invention ] 

However, after with opposite wire bonding method , as for 
first connection, with tip portion 1 5 of metal fine line 1 8 as 
spherical shape it becomes ball bonding which isconnected 
with substrate 1 1 . 

As for this ball bonding , without processing spherical shape 
in metal fine line 1 8, by comparisonwith stitch bonding which 
connects, adhesive force is low. 

On one hand, because substrate 1 1 is easy to receive influence 
with the production process or other thermal history , tip 
portion 15 which is a ball bonding section, is a problem that 
peeling is easy from metallization part 14 of substrate 1 1. 

[0009] 

Figure 6 is sectional view which in difference of bonding 
surface area display sdifference of method of being 
transmitted bonding power in conceptual . 

Figure 6 (a ) metal fine line 18 which is forwarded from 
capillary tip portion 10, shows thecircumstances which stitch 
bonding are made metallization part 14 which was formed on 
substrate 11, Figure 6 (b ) metal fine line 18 which is 
forwarded from capillary tip portion 10,shows circumstances 
which ball bonding are made metallization part 14 which 
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wasformed on substrate 1 1. 
[0010] 

bonding surface area is surface area of contact portion of 
metal fine line 18 and metallization part 14. 

It disperses pressure contact force (bonding power ) from 
capillary , to entire area of this bonding surface area . 

Because of that, one where bonding surface area is small 
bonding power of the per unit surface area becomes large, 
strong adhesive force is acquired. 

As Figure 6 (a ), been clear from comparison of (b ), bonding 
surface area 90 incase of ball bonding is much large in 
comparison with bonding surface area 80 in caseof stitch 
bonding . 

Therefore, in case of ball bonding , bonding power disperses 
to large surface area , the bonding intensity becomes weak. 

Because of that, in case of opposite wire bonding method 
which administers the ball bonding on substrate 1 1 side, metal 
fine line 18 becomes peeling easy from metallization part 14 
on substrate 1 1 . 

[0011] 

Then, it is to offer semiconductor device and its 
manufacturing method where objective of the this invention 
solves aforementioned technical problem , is superior in 
connected stability of substrate and semiconductor device . 

[0012] 

[Means for Solving the Problems and Effect of Invention ] 

As for invention which is stated in Claim 1 in order to 
achieveabove-mentioned objective , substrate (1) with, 
semiconductor chip which provides electrode pad (3) for 
surface (2) with, tip portion which bail bonding makes first 
position on above-mentioned substrate (1) (5), 
above-mentioned first position on above-mentioned substrate 
(1) midway part which stitch bonding makes different second 
position (6), And it is a semiconductor device which 
designates that metal fine line (8) which possesses terminal 
part (7) which stitch bonding makes on electrode pad (3) of 
theabove-mentioned semiconductor chip (2) is included as 
feature. 

Furthermore, as for numeral inside parenthesis corresponding 
component etc in later mentioned embodiment is displayed. 

In below this section same. 

[0013] 
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According to above-mentioned configuration , using of tip 
portion of the metal fine line of 1 and 3 points of midway part 
and terminal part , semiconductor chip and the substrate are 
connected. 

Among connections of 3 points , tip portion of metal fine line 
with ball bonding ispressed in first position on substrate , 
midway part of metal fine line first position on substrate stitch 
bonding is made different second position . 

Depending, because connection of different 2 points of 
position and connection system is done on substrate , we are 
superior in connected stability , there isnot a possibility 
electrical connection of metal fine line and substrate being cut 
off 

[0014] 

In addition, because terminal part of metal fine line stitch 
bonding is done to on electrode pad of semiconductor chip 
surface , stable electrical connection between semiconductor 
chip and substrate canbe actualized. 

As for invention which is stated in Claim 2, after first step, 
this first step which connects tip portion (5) of metal fine line 
(8) to first position on substrate (1), above-mentioned first 
position on above-mentioned substrate (1) after second step, 
this second step which connects midway part (6) of 
above-mentioned metal fine line (8)to different second 
position , It is a manufacturing method of semiconductor 
device which designates that third step whichconnects 
terminal part (7) of above-mentioned metal fine line (8) on 
electrode pad (3)of semiconductor chip (2) surface is included 
as feature. 

[0015] 

According to above-mentioned configuration , to connect 
metal fine line to the substrate side first, (first step, second 
step ), because after that this said metal fine line you connect 
(third step ) on semiconductor chip side, wire bonding of low 
loop is realizable with opposite wire bonding . 

Therefore, semiconductor device which is superior in 
electrical connection stability where curl does not happen can 
be offered. 

In addition, tip portion of metal fine line is connected to first 
position on the substrate , in order after that, first position on 
substrate to connect the midway part of metal fine line to 
different second position , improvement of connected stability 
of substrate side is achieved. 

[0016] 

Including ball bonding which as for invention which is stated 
in the Claim 3, as for above-mentioned first step , forms 
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Spherically shaped part in tip portion (5) of above-mentioned 
metal fine line (8), presses this spherically shaped part in first 
position onabove-mentioned substrate (1), as for 
above-mentioned second step , including stitch bonding which 
presses midway part (6) of above-mentioned metal fine line 
(8) in second position on above-mentioned substrate (1), 
Above-mentioned third step is manufacturing method of 
semiconductor device which is stated in Claim 2 which 
designates that stitch bonding which presses terminal part 
(7)of above-mentioned metal fine line (8) on electrode pad (3) 
of above-mentioned semiconductor chip (2) surface is 
included as feature. 

[0017] 

With above-mentioned configuration , in first step , pressure 
of metal fme line tip portion isadministered to substrate side 
with ball bonding , connected stability with the substrate side 
improves by in substrate side doing pressure of metal fme line 
midway part with stitch bonding in second step . 

In addition, in order in electrode pad on semiconductor chip , 
to administer thepressure of metal fme line terminal part with 
stitch bonding , being able to do connectionof low loop , 
improvement of electrical connection stability is achieved. 

[0018] 

As for above-mentioned second position , it is desirable to be 
a position whichis distant from semiconductor chip in 
comparison with above-mentioned first position . 

Because of this, midway part of metal fine line and wire loop 
shape between the terminal part it can be stabilized. 

[0019] 

[Embodiment of the Invention ] 

At below, this Embodiment of Invention , referring to 
attached figure , you explain in detail. 

Figure 1 is diagram side view of semiconductor device which 
relates to one embodiment of this invention. 

semiconductor chip 2 it is locked on substrate 1 by adhesive 
9. 

metallization part 4 is formed by another region on substrate 
1, with metal , the metallization part 4 of substrate 1 and 
electrode pad 3 of semiconductor chip 2surface , through 
metal fine line 8, the electrical connection is done. 

[0020] 

tip portion 5 of metal fine line 8 after processing tip 5 in 
spherical shape , beingpressed in first position PI on substrate 
I, is ball bonding section which wasformed. 
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And, midway part 6 of metal fine line 8 first position PI on 
substrate 1 stitch bonding is made different second position 
P2. 

As for above-mentioned first position PI and second position 
P2, it is desirable ineach case to be on metallization part 4. 

For shape stabilization of wire loop 8a (Especially midway 
part 6 and between of electrode pad 3 ), as for 
above-mentioned second position P2, one which is a position 
which is distant from semiconductor chip 2 incomparison 
with first position PI , is better. 

terminal part 7 of metal fine line 8 stitch bonding is made on 
electrode pad 3 of semiconductor chip 2surface . 

[0021] 

tip portion 5 of meta! fine line 8 and between midway part 6, 
and, wire loop 8a which wasformed respectively with metal 
fine line 8 exists between midway part 6 and the terminal peirt 
7. 

Because it is a connection which is made on basis of opposite 
wire bonding method , midway part 6 of metal fine line 8 and 
loop height 8b between terminal part 7 by comparison with 
conventional wire bonding , have become low. 

In above-mentioned substrate 1, broad material is usable from 
inorganic material to polymeric material . 

substrate 1 is good even with printed circuit board . 

As for above-mentioned metal fine line 8, it is desirable to use 
metal where electrical conductivity is good. 

In detail, it is desirable to use Au fine line . 

As metal fine line , generally Al and Cu and Au etc areused, 
but because it is a metal where even among these Au 
issuperior in especially electrical conductivity , does not 
corrode with water etcin atmosphere , stability and reliability 
as metal fine wire material charge highest . 

[0022] 

With semiconductor device which relates to this 
embodiment , bonding intensity on substrate 1 sideimproves 
by executing connection with metallization part 4 and metal 
fine line 8 on substrate 1 with 2 site . 

ball bonding section which is pressed in substrate 1, usually, 
receiving thermal effect with production step , peeling is easy, 
but stability of the electrical connection is guaranteed stitch 
bonding where adhesive force is strong by in the metallization 
part 4 executing with addition. 
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terminal part 7 of metal fine line 8 is pressed on electrode pad 
3 of semiconductor chip 2surface by the stitch bonding . 

Depending, connection reliability of semiconductor chip 2 
side is fully . 

[0023] 

Figure 2 (a ) - (d ) and Figure 3 (e ) - (g ) is schematic side 
view which shows production step of above-mentioned 
semiconductor device in process sequence . 

Using metal fine line 8, in order electriczd connection to do 
substrate 1 and semiconductor chip 2, itcan use wire bonding 
device . 

capillary 20 in order forwarding and to press metal fine line 8 
has for the this device . 

As for this capillary 20, in order to connect between substrate 
1 and semiconductor chip 2 with metal fine line 8, it is 
possible to move with to horizontal direction which is a 
parallel direction in substrate 1 and perpendicular direction 
which is a direction which itcontacts separates into substrate 
1. 

[0024] 

metallization part 4 is formed, at same time, semiconductor 
chip 2 substrate 1 of the state which is locked by adhesive 9 
etc is placed in horizontal inside wire bonding device . 

capillary 20 waits with position which leaves from substrate 1 
to the upward direction , it passes by capillary 20, metal fine 
line 8 is forwarding possible to the capillary tip . 

First, metal fine line 8 quantitative protruding is done 
somewhat from the capillary 20tip portion , tip portion 5, is 
processed in spherical shape making use of electricity torch 
etc. 

capillary 20 which keeps this spherical shape tip portion 5, 
moves to direction 20 a whichfrom upward direction is 
approached to substrate 1 (Figure 2 (a ) ). 

[0025] 

When capillary 20 furthermore approaches to substrate 1, tip 
portion 5 and the metallization part 4 of metal fine line 8 
which protruding has been done contact fi-om the tip portion 
of capillary 20. 

At time of this , it can add load (Furthermore according to 
need thermal and/or ultrasonic vibration ) from capillary 20, 
the spherical shape tip portion 5, being pressed in 
metallization part 4, is coimected to first position PI of the 
metallization part 4. 

this connection, processing tip portion 5 of metal fine line 8 in 
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spherical shape , is ball bonding which you connect, (Figure 2 
(b)). 

[0026] 

After connecting to first position PI ends, it moves capillary 
20 to thedirection 20 b which is estranged from substrate 1 in 
perpendicularly upward direction . 

Figure 2 (c ). metal fine line 8 is forwarded attendant upon 
that 

When metal fine line 8 of specified length is forwarded, 
capillary 20 stops movementto upward direction 20b. 

Next, capillary 20 from first position PI in order to connect in 
another second position P2, begins movement in horizontal 
direction 20c (With this embodiment , direction which goes 
away from semiconductor chip 2 ) vis-a-vis substrate 1. 

[0027] 

Attendant upon movement of capillary 20, again metal fine 
line 8 isforwarded. 

metal fine line 8 of specified length is forwarded, after 
specified distance moving to the horizontal direction 20c, 
capillary 20 stops moving to horizontal direction 20c, and 
forwarding metal fine line 8 next changes movement direction 
into direction 20 a which is approachedvertically facing 
toward substrate 1 . 

At time of this , adjusting to movement of capillary 20, the 
metal fine line 8 is forwarded. 

Until capillary 20 continues movement to perpendicular lower 
20a which isapproached to substrate 1, substrate 1 and metal 
fine line 8 contact, it fallsfacing toward substrate 1. 

Being at point where metal fine line 8 and substrate 1 
contacted, capillary 20,you press midway part 6 of metal fine 
line 8 in metallization part 4, connect with second position P2. 

[0028] 

As for second position P2, it is desirable to be on 
metallization part 4 which is distantfrom semiconductor chip 
2 in comparison with first position PI . 

With time point where connection to second position P2 ends, 
wire loop 8a of the one is formed between first position PI 
and second position P2. 

Figure 2 (d ). As for connection to second position P2 which 
used midway part 6 of metal fine line 8, with stitch bonding , 
because of this, connected stability improves 

While post-connection , to second position P2 forwarding 
metal fine line 8 to direction 20 b which again capillary 20 is 
estranged in perpendicularly upward direction vis-a-vis the 
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substrate 1, it moves. 

Figure 3 (e ). When capillary 20 moves specified distance , 
metal fine line 8 of specified length is forwarded,capillary 20 
stops movement to perpendicularly upward direction 20b 

[0029] 

Furthermore after that, capillary 20, in order to connect 
electrode pad 3 of semiconductor chip 2surface and metal fine 
line 8, begins movement in horizontal direction 20d 
(Direction which gets near to semiconductor chip 2 ). 

Attendant upon movement of this capillary 20, again metal 
fine line 8 isforwarded. 

metal fine line 8 of specified length is forwarded, after 
specified distance moving to the horizontal direction 20d, 
capillary 20 stops moving to horizontal direction 20d, and 
forwarding metal fine line 8 changes movement direction into 
direction 20 a which is approachedvertically facing toward 
semiconductor chip 2, adjusting to movement of the capillary 
20, metal fine line 8 is again forwarded. 

[0030] 

Until capillary 20 furthermore continues movement to 
perpendicular lower 20a whichis approached to 
semiconductor chip 2, electrode pad 3 and metal fine line 8 of 
semiconductor chip 2 contact, it falls facing toward 
semiconductor chip 2, being at point where electrode pad 3 of 
metal fine line 8 and semiconductor chip 2 contacted, pressing 
terminal part 7 of metal fine line 8 in electrode pad 3, stitch 
bonding it does. 

Therefore, wire loop 8a of one is formed also between second 
position P2 and electrode pad 3. 

Figure 3 (f ). In addition, because it becomes opposite wire 
bonding , bonding of thelow loop actualizes 

[0031] 

Lastly, forwarding metal fine line 8 somewhat fi-om capillary 
20, it cuts off the metal fine line 8 with vicinity position of 
electrode pad 3 making use of clamp etc. 

Figure 3 (g ). After that, it evacuates capillary 20 to upward 
direction , wire bonding connecting step of 1 completes 

You explained above, concerning one embodiment of this 
invention, but this invention can also execute with other 
shape . 

With for example above-mentioned embodiment , among 
connection portion of 2 site of metallization part 4 and metal 
fine line 8 which were formed on substrate 1, second position 
P2,listing case where it is a distant position in semiconductor 
chip 2 incomparison with first position PI to example, you 
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explained, but second position P2 isgood even with position 
which is close to semiconductor chip 2 in comparisonwith 
first position PI and, as for first position PI and second 
position P2, It is possible to position of equidistant it to be 
from semiconductor chip 2. 

In addition, connecting with substrate 1 and metal fine line 8 
is not somethingwhich is limited in 2 site , it is possible with 
joining point as on 3reasons. 

[0032] 

In addition, with above-mentioned embodiment , you 
explained concemingexample where metallization part 4 was 
formed on substrate 1 of insulating material , butit is possible 
to apply lead frame or other metal substrate as substrate . 

In addition, it is possible to administer various design change 
in range of the item which is stated in Claims . 

[Brief Explanation of the Drawing (s )] 
[Figure I ] 

It is a diagram side view of semiconductor device which 
relates to one embodiment of the this invention . 

[Figure 2 ] 

It is a schematic side view which shows production step of 
semiconductor device of Figure 1 in the process sequence . 

[Figure 3 ] 

It is a schematic side view which shows step which follows 
Figure 2 in the process sequence . 

[Figure 4 ] 

Being a diagram side view which shows connecting structure 
with conventional wire bonding method it is 

[Figure 5 ] 

It is a diagram side view which shows connecting structure 
with opposite wire bonding method . 

[Figure 6 ] 

It is a sectional view which with difference of bonding surface 
area displays thedifference of propagation of bonding power 
in conceptual . 

[Explanation of Symbols in Drawings ] 
1 

substrate 
2 

semiconductor chip 
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[134] 



[Figure 4 ] 
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[02] (Figure 2] 
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[03] [Figure 3] 



Page 19 Paterra® InstantMT® Machine Translation (U.S. Pat. Ser. No. 6,490,548; Pat. Pending Ser. No. 10/367,296) 




Page 21 Paterra® InstantMT® Machine Translation (U.S. Pat. Ser. No. 6,490,548; Pat. Pending Ser. No. 10/367,296) 



